These are complications that occur in the first hours or days after the construction of an AVF and always require evaluation by a vascular surgeon.
Introduction
Autogenous arteriovenous fistulas (AVF) are the preferred vascular access for patients with end-stage kidney disease. They are cheap and easy to construct, have excellent patency rates and require minimal maintenance by the patient and the health care staff. However, they can develop various complications, which have different rates of incidence, morbidity and mortality. Most of them threaten the functionality of the fistula and some of them even pose an immediate vital risk. We believe it is important that all health care professionals who deal with patients on whom an AVF is performed should have thorough knowledge of the types, physiopathology, risks and treatment of these complications.
Our team has performed 832 surgical constructions of autogenous AFV in the last 5 years. The number of complications that required surgical revision was 61 (7.3%). This is comparable to a 9% rate of complications reported in a study of 628 patients, by Fokou et al. in Cameroon [1] . The patients in this population have numerous comorbidities besides the endstage kidney disease; among them, diabetes mellitus, hypertension and chronic viral hepatitis. These 4 are factors who augment the complication rate after any surgical intervention. However, the number of events requiring surgical exploration following AFV construction is relatively low, probably because of increasing experience and technical skills of vascular surgeons.
The complications can be divided in 2 categories:
Acute complications

Chronic complications
Thrombosis of the fistula occurs when there is inadequate flow through the fistula, which leads to stasis and thrombosis. Thrombosis of the fistula occurs mostly in patients with inadequate venous run-off, i.e. history of subclavian vein catheters, multiple venous punctions with local fibrosis [2] . We do not use preoperative Duplex exam to assess the vein [3] . Local inspection at the time of surgery should be performed, and if the vein is small, fibrotic or with a visibile thrombus inside, another vein should be used. We also assess the vein by flushing it with a heparinated saline solution via a catheter; if there is resistance in advancing the catheter, injecting the solution or no backflow through the catheter, a proximal stenosis of the vein should be suspected, which leaves no alternative but using a different vein. Building an anastomosis that is too tight, restricting the blood flow, coupled with systemic hypotension can also be incriminated in acute thrombosis. We advise our patients to maintain their blood pressures in the 130-150 mmHg interval during the fistula's maturation period. Hypotension sometimes occurs during the first hemodialysis (HD) session performed after the operation, using an indwelling HD catheter. This is the reason why a newly constructed fistula should be assessed by the medical staff at the beginning and end of all HD sessions.
Introducing a catheter on the subclavian vein of an arm with a functional AVF can lead to thrombosis, either immediate or after the first HD session.
Other causes of thrombosis are extrinsic compression of the operated arm, e.g. wearing clothes with tight sleeves or sleeping on the respective arm.
In the acute setting (during the first 12-24 hours), thrombosis can be solved by surgical thrombectomy. If, on palpation, the vein is tender, pulsatile in the initial segment but with no thrill, the vein can be opened longitudinally and a Fogarty catheter passed both distally (towards the subclavian vein) and proximally (towards the anastomosis). Flushing the vein with a heparinated saline solution is mandatory. A thrill should be obtained after removing the cross clamp. There is an increased risk of pulmonary embolism associated with this procedure, making its' use subject to a very careful evaluation of the patient and close monitoring. In the past 5 years, only 3 patients were operated on for acute thrombosis of the fistula (0.3%) by our team -compared to an incidence of 2% in other studies [1] . All three cases preserved the AVF after thrombectomy.
Bleeding is the most common acute complication. Spontaneous bleedings are not uncommon in uremic patients, in whom the primary mechanisms of hemostasis are compromised, including thrombocytopenia, platelet dysfunction and von Willebrand factor's changes. Chronic anemia, which is common in uremic patients, also negatively influences the rheologic component of the platelet -vascular wall interaction. All of these factors concur to the fact that, in the postoperative setting, a bleeding is unlikely to spontaneously stop.
Bleeding sources have several causes. There are smaller sources, with no significant hemodynamic impact, but with a continuous flow, generally overestimated by the patient and his family. These smaller sources are dermal, subdermal or from the subcutaneous tissue. If the patient undergoes a session of hemodialysis (HD) or heparination of the hemodialysis catheter shortly after the AVF has been constructed, bleeding is usually the norm. In our practice, we have observed that a delay of 36 hours between the operation and the HD session makes bleeding complications exceptional. We routinely recommend to all patients abstention from HD during this time period.
The wound is inspected, and if only a dermal bleeding point is found, with no hematoma, then the source is sutured under local anesthesia. This maneuver can be performed in the emergency room. Local digital compression or applying a hemostatic sponge generally does not stop the bleeding. Compressive dressings are to be avoided, as they can stop the blood flow through the fistula.
There are also larger sources, with a higher flow and a life-threatening potential. They are usually found at the site of the anastomosis or a slipped vessel ligature and are accompanied by a hematoma.
In the past 5 years, 4 of our 832 patients (0.5%) presented for bleeding requiring surgical exploration. In all the cases, the bleeding source was a slipped ligature on the distal end of the vein used for the AVF, with accompanying hematoma. The incision was reopened, the hematoma removed and bleeding source sutured. The wound was then flushed with an antiseptic solution and closed.
Although uremic patients are prone to bleeding due to their pathophysiological changes to the mechanisms of hemostasis, in our experience, the small number of bleedings and the fact that a "mechanical" cause is found, we believe that there is no benefit in running a series of extensive tests on these patients (thrombelastogram, von Willebrand's factor determination, clotting time etc). There is no doubt that each and every one of these patients' coagulation pathways are malfunctioning and are unlikely to spontaneously stop a bleeding. However, we feel that good surgical technique avoid bleeding in all patients.
Hematoma formation, with or without associated active bleeding, can demand surgical exploration of the wound. There are several situations that can be encountered. A hematoma with no active bleeding through the sutures may not impart on the fistula's functionality. If the hematoma is small and the AVF's thrill is present, there is no surgical indication and the patient is routinely monitored. If the hematoma is larger, and the thrill is modified or absent, the hematoma must be evacuated, followed by closing the bleeding source and AVF repermeation. Sometimes, removing the hematoma can bring back the thrill; if this does not occur, thrombectomy of the AVF or even construction of a new AVF should be performed.
Hematoma associated with bleeding with dark red blood is accompanied by an alteration of the thrill, rendering it sharp, dull, short and systolic only. Surgical exploration and hematoma removal usually turn the thrill back to normal. The bleeding source is probably a slipped ligature from the distal end of the vein used for the fistula. The volume of blood flowing from the wound can appear quite high; in this situation, the patient or untrained medical personnel can interpret this as anastomosis disruption and can apply a tourniquet on the arm, which completely closes the flow through the fistula, making it unsalvageable. As previously stated, we have operated on 4 patients with active bleeding and hematoma. The bleeding source was found to be a slipped ligature on the distal end of the vein. In 2 patients, a tourniquet had been placed on the arm prior to presentation, so the fistula could not be salvaged, but only the bleeding stopped. In the other 2 cases, the fistula was preserved and later matured and was used for HD.
Hematoma accompanied by bright red blood oozing through the sutures has an arterial sourceat the anastomotic level or a collateral arterial branch. The flow through the fistula is severely compromised due to the compression, leading to venous and possibly arterial thrombosis. After suturing the source, arterial and venous thrombectomy with a Foley catheter are performed; making sure not to injure the arterial or venous wall with the balloon catheter.
These are complications that occur days or months after the construction of an AVF.
Thrombosis is caused by inadequate flow through the fistula, which leads to stasis. Causes of inadequate flow are discussed earlier. Other causes include intimal hyperplasia of the anastomosis, thrombosis of a venous pseudoaneurysm with consecutive thrombosis of the whole vein and extrinsic compression of the vein during its' maturation period (for example, during sleep) [4] [5] . If the patients presents promptly, an attempt to salvage the fistula can be made via a surgical thrombectomy with a Fogarty catheter [6] [7] ; if the vein has aneurysmal changes, it is probably not amenable to surgical treatment. If the fistula is unsalvageable, a new one must be constructed under the protection of a temporary hemodialysis catheter.
Anastomotic pseudoaneurysm is a rare complication with severe consequences, which requires emergency surgery. In our group, 7 patients (0.8%) developed this complication. A pseudotumoral, pulsatile mass appears at the level of the incision used to create the fistula; this mass is tender, increasing in size and may be painful. The overlying skin has inflammatory and necrotic modifications. A septic process is quite always involved, which disrupts the anastomosis. The origin of the infection can be intraoperative or a clinically silent infection in a patient wearing a HD catheter. The main risk is of overlying skin necrosis with massive bleeding. Surgical exploration is mandatory. Usually, a partially thrombosed false aneurysm is found, with partial anastomosis disruption. A fragment of the pseudoaneurysm's wall is sent for a bacteriological exam and a full course of antibiotics is given after the operation.
Further action depends on the artery used for the fistula and the patient's general condition. If the radial artery is used, it is ligated; we have seen this scenario in only 3 cases and there were no ischemic complications after interruption of the radial artery. In the case of the brachial artery, which has a higher ischemic potential, the main goal is pseudoaneurysm removal and rebuilding the arterial continuity. This can be performed via a termino-terminal arterial anastomosis (as one of our patients has received) or by a venous graft interposition, using either an arterialized venous segment, or with a greater saphenous vein segment, if there are signs that the arterialized vein is infected. In cases with severe septic potential and aggravated general condition, the brachial artery can be ligated. Three of our patients received this treatment, fortunately without secondary ischemic events.
Venous aneurysm occurs in uncorrected hypertensive patients, months or years after fistula construction, irrespective of the fact that the fistula has or has not been used for HD ( figure  1 ). The incidence of this complication was 3.6% (30 patients) in our group and 4.2% in the group from Cameroon [1] . Figure 1 . Aneurysm of the cephalic vein in a patient with a radio-cephalic fistula A Doppler examination of the aneurysm shows turbulent blood flow and parietal thrombus (figure 2). The natural evolution of this complication is with total thrombotic occlusion or spontaneous rupture. Other associated processes are thrombophlebitis, infection, skin necrosis with imminent perforation and hyperdynamic syndrome [8] ; these all require surgical treatment. Also, a quickly evolving aneurysm requires surgical intervention. Otherwise, the undilated segments of the fistula can be used for hemodialysis access [9] . The fistula is ligated and a new one is constructed using a different vein. The aneurysm can be removed or left in place. Further control of blood pressure values ensures that the new fistula does not develop the same complication.
Among the 30 patients venous aneurysms in our group, we operated on 21. The fistula was ligated and a new one created with an available vein. These new fistulas developed no aneurysm once the blood pressure valued were kept in the normal range.
Venous pseudoaneurysm develops due to a common mistake made in hemodialysis services, which is repeated punctions at the same site. In time, the arterialized vein can grow to impressive sizes, develop a false aneurysm with partial or complete thrombosis. After repeated punctions, the overlying skin undergoes fibrotic changes, followed by necrosis, with a high risk of disruption and massive bleeding. This potential course of events makes surgery mandatory as soon as possible. The most common intervention is fistula ligation, followed by creating a new fistula with a different vein. In selected patients, who have no aneurysmal thrombi on Doppler exam or on palpation, a reductional plasty of the aneurysm can be performed. The entire aneurysm is exposed through a longitudinal incision, followed by proximal and distal cross clamping and wedge resection of the anterior wall of the aneurysm. The vein is rebuilt with a 7-0 Prolene continuous suture. The proximal segment of the vein can be used for HD after 36 hours and the dissected segment, after 3 weeks.
Eight of our 832 patients (0.9%) presented for venous pseudoaneurysm and were operated on immediately. We performed fistula ligation in 5 cases, followed by creation of a new fistula after 3 weeks, during which time the patient underwent HD sessions via a temporary catheter. In the other 3 cases, after assessing the pseudoaneurysms with palpation and Doppler exam, we found them suitable for remodeling and a reductional plasty was performed in the described manner.
Skin necrosis also develops at the site of repeated punctions. It occurs after superficialization of a basilic or brachial vein, if the wound had been closed with a thin layer of skin overlying the fistula ( figure 3 ). This heals poorly between HD sessions, as it has an inadequate blood supply, and becomes even thinner and necrotic; the venous wall is also thin and very fragile. Bleeding is the risk with this complication, and can be massive, life-threatening due to the high flow through the fistula (figure 4). Surgical treatment involves the bleeding point skin suture, then making a circular incision around the necrotic segment and carefully dissecting it away from the vein, without entering the vein.
Then the hemostasis can be easily performed with a 5-0 Prolene suture and the necrotic skin removed. The skin is then approximated with interrupted Prolene sutures. If bleeding occurs, the assistant compresses the fistula at the anastomotic level and proximally, on the arm, until hemostasis has been performed with interrupted 5-0 Prolene sutures. We routinely give an antibiotic regimen to our operated patients, usually 2 grams of Oxacillin per day, for 5 days.
We have seen this complication in 3 of our 832 patients (0.3%). Two of them bled from the necrotic area before presenting to the hospital. They were all operated on and made an uneventful recovery.
Hand ischemia is the most serious complication of vascular access surgery. The patients have all the clinical manifestations of chronic limb ischemia: muscular atrophy of the thenar and hypothenar eminences with functional impotence of the fingers, cold extremities, pain at rest, which becomes excruciating during HD sessions [10] . Gangrenous changes of the fingers are sometimes present ( figure 5 ).
The patient is usually diabetic and has atherosclerotic lesions distal to the anastomosis. Blood flow is diverted through the vessel with a lower resistance, which is the vein -the "steal syndrome" [11] . Under normal conditions, when the radial artery is used for the fistula, the hand is still supplied with blood via the ulnar artery and the vascular arcades of the hand. However, there are cases when the arcades have clinically silent lesions (i.e. negative Allen test), which become significant if the distal radial artery is interrupted while constructing the AVF. This is why we attempt to maintain the distal radial artery open after creating the fistula. Hand ischemia can also occur if the brachial artery is used and is usually more serious. All attempts should be made to salvage the limb firstly, and the fistula, secondly. The most direct and simple technique is outflow ligation. The vein is exposed close to the anastomosis and doubly ligated with a number 5 Nylon tape. The thrill should disappear and distal perfusion is immediately improved, with quick remission of symptoms. The major drawback is that the AVF is lost for further access.
Other AVF preserving techniques aim to decrease the flow through the fistula. These are banding of the vein, prosthetic graft interposition (ePTFE nr.5) and venous by-pass using the accessory radial vein. These techniques will be discussed in the hyperdynamic syndrome paragraph.
The DRIL procedure (Distal Revascularization Interval-Ligation) has been described by Schanzer in 1988 [12] . The artery is ligated distal to the anastomosis. An arterio-arterial bypass is performed between the proximal artery (usually, the brachial artery) and the distal arterial territory (usually, the radial artery). Immediate technical success rates are excellent, with an overall reduction in ischemic events; however, if graft failure occurs, the entire distal extremity is at risk of gangrene and may require amputation [13] [14] .
In patients with a brachio-cephalic fistula and pseudoischemic symptoms accompanied by venous engorgement, we have found a patent accessory radial artery, which originates high in the arm, from the cephalic vein. This vein had a retrograde flow which impeded the venous outflow of the cubital region and the forearm. Ligation of this vein led to the disappearance of the venous engorgement and the ischemic symptoms.
Hand ischemia can also have technical reasons, if the anastomosis causes reduction in diameter or even occlusion of the distal brachial artery. In this setting, the fistula is also sacrificed, this time by ligation followed by arterial reconstruction at the site of the anastomosis.
This complication occured in 7 of our 832 patients (0.7%). We were forced to ligate the fistula in 6 cases and perform vein banding in one other case. There have also been cases of ischemia associated with hyperdynamic syndrome; these cases will be discussed below.
Hyperdynamic syndrome is a consequence of greatly increased blood flow through the fistula, with consecutive volume overload of the right heart and cardiac failure. It is a relatively rare complication and can occur irrespective of the age of the fistula. It is associated with brachial artery use, which has a larger diameter and thus a higher flow (1-1.1 L/min) when compared to the radial artery (0.65 L/min) [15] [16] [17] . After the maturation period, Doppler examinations show flows of 8-10 L/min through the fistula. Local examination shows venous dilatations and the patients are restless and show dyspnea, orthopnea and sinus tachycardia [18] . Almost all of them are hypertensive, with uncorrected BP values in spite of treatment. The aim of the surgical treatment is to decrease the flow through the fistula.
Fistula closure promptly makes this syndrome disappear. However, this means that the heart has to rapidly adapt to new hemodynamic conditions (with severely decreased venous return). Transient bradycardia, hypotension and syncope can occur. With this patients subgroup, we always ligate the fistula under close monitoring (EKG, blood pressure and SpO2).
As previously stated, there are also techniques which aim to preserve the AVF. Banding the vein decreases the vein's diameter and thus increases the resistance flow and decreases the flow. The vein is dissected and encircled with a tape which is progressively tightened until the thrill becomes less intense, the heart rate drops below 100 beats/minute and the dyspnea gets clinically better. It is sometimes difficult to establish a precise amount of banding that prevents the steal syndrome but still allows fistula patency. In the setting of reduced flow that results from fistula banding, thrombosis can occur with further transient flow decrease, for example in hypotensive states [15] [19] . Also, in our experience, banding offers only a momentary decrease of symptoms. For this reason, we prefer to use alternate techniques and have used this technique in only 3 patients in the last 5 years.
Prosthetic graft interposition uses a nr.5 ePTFE graft, which obviously has a much smaller diameter than the arterialized vein and thus a higher resistance. A 4-5 cm segment of the vein is dissected; 3-5 cm are removed and the graft is interposed via 2 end-to-end anastomoses. Approximating the end of the vein and the graft can be difficult, due to the difference in size. Alternatively, the vein can be left in place and the graft sutured via 2 end-to-side anastomoses, followed by ligating the fistula between the 2 anastomoses. This eliminates the size-mismatch. The surgeon must resist the urge of using a larger graft, as this does not reduce the flow in a significant manner.
To decrease flow, we have also created a venous by-pass using the accessory radial vein. This is usually found in the forearm, where it merges with the median cephalic vein, creating the cephalic vein. But there are cases when it has a high origin, in the arm, lateral to the cephalic vein. Even after arterialization of the cephalic vein, this branch maintains a small diameter and can be used to divert the blood flow from the larger cephalic vein ( figure 6 ). In 4 of our patients (0.4%) we performed a by-pass with a PTFE graft; 3 other cases (0.3%) received a venous by-pass. The results of by-pass (either using a prosthetic graft or the accessory radial vein) are very good at short and mid-term follow-up. Heart rate is maintained at less than 100 beats/minute with great clinical improvement. Doppler echography shows diminished flows, of 4-5 L/min. The fistula remains functional with no residual steal syndrome. In conclusion, the surgical treatment that we favor for hyperdynamic syndrome is venous by-pass with the accessory radial vein, whenever available; if not, graft interposition is the next option.
Hand edema is a relatively frequent, but usually transient complication in vascular access surgery. It is more frequent when the superficial veins have been used up and a brachiobrachial fistula is constructed. Venous hypertension occurs shortly after AVF creation, but it diminishes after collaterals develop and outflow improves. Outflow obstruction due to stenosis of a central vein provoked by a long-term indwelling catheter or by neointimal hyperplasia from the turbulent flow of the AVF also cause venous hypertension. Sometimes, venous tributaries become dilated, incompetent and perfuse retrograde toward the forearm and the hand, thus increasing the capillary pressure. If the hypertension does not subside, it is accompanied by the classic symptoms of a venous stasis syndrome: edema, pigmentation and ulceration. The whole upper extremity can become involved in the edema, which sometimes includes the chest wall and the breast. A rich collateral venous circulation also develops. There are rare cases when the edema is so important that it produces ischemic phenomena. Treatment consists of repair of the fistula outflow or ligation of the fistula; improvement is immediate and dramatic, with edema reduction and healing of ulcerations within 1-2 weeks.
We have seen no cases of edema requiring surgical correction during the past 5 years.
Lymphorhea is a relatively rare complication (<1% of operated patients) [7] . Patients with a thick layer of subcutaneous tissue, which has been extensively dissected, complicated with postoperative upper arm edema sometimes develop it. We have never seen it in conjunction with radio-cephalic fistula. In our experience, it is more frequent with the brachio-brachial fistula. The wound closes and heals following several (sometimes daily) sessions of HD, and frequent changing of dressings. If a septic process develops, surgical debridement and antibiotherapy become necessary.
Infection is a rare complication with severe repercussions [20] . In the past 5 years, only one of our patients developed it (0.1%). If intraoperative contamination occurs, after a short period of time the wound becomes inflamed, painful, with purulent discharge, accompanied by fever. Vascular access creation is forbidden in a patient which carries a HD catheter but presents with fever and leucocytosis; in this case, the anastomosis becomes infected due to bacteremia and is extremely susceptible to disruption. These patients should be postponed until a new catheter is implanted in a different site and the old catheter removed and its' tip sent for bacteriological examination, followed by proper antibiotherapy. The most common infectious agents encountered are S. aureus and S. epidermidis. Reinterventions for bleeding or fistula thrombosis also increase the risk of infection. The higher the number of reexploration, the higher is the chance of acquiring an infection. For this reason, we believe that the maximum number of reinterventions is 2 in 24 hours. If the fistula is not functional after these 2 reinterventions, we wait until the incision heals before trying to create a new fistula using the same incision. Late anastomotic pseudoaneurysm formation is also a septic complication, which can develop even if the incision is healed.
If the wound shows a purulent discharge, the patient must be evaluated by a vascular surgeon. There are 2 therapeutic options. The conservative one is drainage of the collection, followed by washing with an antiseptic solution. A more aggressive option is closure of the fistula, also followed by antiseptisation of the wound. For a radio-cephalic fistula, the radial artery can be ligated without any ischemic consequences. For a fistula using the brachial artery, the fistula must be closed and arterial reconstruction performed. In the setting of acute bleeding, with fragile arterial wall, arterial ligature is mandatory; ischemic phenomena may occur, but this is not the rule.
In all cases, antibiotherapy is indicated.
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